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| he top quark

® [he top quark is the heaviest known fundamental

particle
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® [hus, It s an ideal candidate for spin measurements.

® [op quark spin measurements are a powerful probe
for new physics in the tf production.
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Spin correlations
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® [ora certain choice of reference axis, the spin
bolarizations are given by the coefficients B ,

while the spin correlations are given by C;; in the
above expression.

® |ndices | and 2 are for top and anti-top respectively.

® [or our purposes we choose axis k as the direction
of flight of the top In the ttbar rest frame. arXiv:1508.0527
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o Axis 7,1 are defined as :

yp = Dp - k, Tp=\/1—y§-
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Spin correlations as a probe for BSM

® [he spin analyzing power of charged leptons, k; = +1 Is

maximal x10° CMS 35.9 fb (13 TeV)
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e (Can probe top quark spin in 3 dimensions. Also very well
reconstructed.
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e \ery sensitive to BSM physics (s-channel dark matter :
more spin correlation, new scalars : less spin correlation)

Q- .
— 5| o
g Ad) ol
§ 0'045 — ops &
5 b T sope, Mo Spin Corr | PRD 100, 072002
0.02- —— Stop, RH, 200 GeV - )
ol o Sop LH.200GeV Z|O.|OO7/JHEPO8(ZO|2)O83 CMS Collaboration

00 05 10 15 20 25 30
L
Amandeep Singh Bakshi ApEL) 4



The need for BSM theorles

® Fermion loop corrections to the Higgs mass are

dominated by its coupling to the top quark (4y). H H
o (orrections to the Higgs mass »
SM?*(Higgs) ~ /Iszz, where A is the cutoff scale.
-
/7 N\
® [hese quadratically divergent terms are cancelled 5 i" }i H
by assuming a scalar counterpart to the top (stop). . T A —
Higes top loop
® Stops with masses close to that of the top quark and the hypothesized
(stealth stops), require very little fine tuning to the scalar top loop
theory, which I1s motivation to search in this phase
space. Phys Lett.B 429: 263-272, 1988

Arkani-Hamed et al.
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SUSY top quark partners
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o Of particular interest is the stealth SUSY top 0 1OOO;C2?£4ZT:’T’”(‘:"{S) 1eriorisTey) -
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® [he acceptance and efficiency change 200/ B
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SUSY top quark partners

® Hence the need for Indirect searches.

® [xclusions can be accomplished via precision
measurements of top quark properties, spin
correlations in this case.

o Currently results in this region using spin
correlations are from AT LAS.

o CMS also has results in the dileptonic
channel, but using a direct search.
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CMS kinematic approach

. , CMSSimulaton 13TeV

o Current CMS SUSY analysis uses the full € sl S 6 (m, - 275 GeV, m, = 100GeY)

4 | T Q - t—>tx (m; =275 GeV m.. =100 GeV)

RuQZ dataset to set he stealth stop s I 0 0 5 o0, my sty
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o Kinematic variables including p,, 1 of the 0.1~ -

leptons, A¢g, An between the leptons and : -

E7 are used S . ———— —
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o A parametric DNN Is used to discriminate 0 01 02 03 04 05 06 07 08 09 1

o~ . . DNN score
different physics models (mass points). —_—
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Strategy for our analysis

® Goal : To perform a sensitivity study on the prospects of the CMS detector for the HL-LHC to
exclude top quark partners using top quark spin correlations.

® Kinematic Reconstruction of ttbar system

® Geometric solver for neutrino momenta + solution smearing within energy resolutions.

® DNN discriminant for SUSY vs SM

® Develop a SUSY vs all SM backgrounds classifier for all mass points in the sample.
® [ he Input to the discriminant are spin correlation variables only

® | imit setting

® Feed DNN outputs into combine to obtain limits on SUSY cross-section.
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Signal and background processes

® |[he scalar stop Is

assumed to decay Into a

top and a neutralino 100% of the time.

 \We use centrally produced Delphes

samples for this st

uay.

® Search for 2 oppositely charged leptons

events In the eu ¢

nannel (Include

semileptonic tau ¢

ecays).

® [hen select events with 2 or more jets, at
least one of which Is b-tagged.

o EISS>30GeV
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Spin correlation variables

® [ he spin correlation variables of choice are :

OB{/z . Spin polarization of the top (1) or anti-

top (2) along the k, 7, A axes.

o ;1 Spin correlation matrix elements for the

k, r,n axes.

1

e A and An between the leptons.

e All of the above defined variables excep

- AQ

require a reconstruction of the top quar
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DNN classitier with spin corr inputs

® With these 20 spin correlation
variables as input, we use a DNN to
construct a discriminant which can
help exclude top partners.

® \We use a binary classifier with a label
of O (background) and | (signal).

* We develop a classifier for each mass
point (signal hypothesis) within the
SUSY sample.
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Plans for Snowmass study
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® Set limits in the SUSY top corridor using the spin S S ATLAS
correlation based DNN. = B G-t serw
a Expected = 2 o T1—’t')20
& ~ = Expected &b 1
. . ° b eeeceds m(%.) = 0.5 GeV
® Lxtend phase space beyond stealth corridor region and sl - _
""\ === NLO+NLL prediction 95% CL |
also study other partners to the top. N
o —
100" \ W~ | | | —-"
e (Consider different uncertainty scenarios (full Run2,
upcoming Run3 and the HL-LHC) and the impact of major
systematics on the limits. —
ol P TP TP S hartors

180 200 220 240 260 280 300

o Our HL-LHC analysis has been pre-approved. m(f) (GeV]
e (Could expand into spin density matrix measurement at CERN]
other colliders/machines: 100 TeV pp, ete-, muon colliders. .90 9_(_)34

ATLAS
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Motivating the cholice of features

| Rapidity Gap
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different pt distributions.
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https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1007%2FJHEP08%25282012%2529083&v=a78cc44b
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Mass points

Initial state | tt it

)_
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https://arxiv.org/pdf/ | 508.052 /7 | .pdf

AM =1675GeV/c? | AM =175GeV/c? | AM = 182.5GeV/c? | Cross Section [pb] % 4 [%]
167.5,0 - - 173.0+£14.3%
175,7.5 175, 0 - 143.4+14.3%
182.5, 15 182.5,7.5 182.5, 0 108.0+14.3%
190, 22.5 190, 15 190, 7.5 97.74+14.4%
197.5, 30 197.5, 22.5 197.5, 15 80.24+14.3%
205, 37.5 205, 30 205, 22.5 68.3+14.3%
212.5, 45 212.5,37.5 212.5, 30 53.6+14.2%
220, 52.5 220, 45 220, 37.5 48.6+14.2%
227.5, 60 227.5,52.5 227.5,45 45.6+14.2%
235, 67.5 235, 60 235, 52.5 35.2414.2%
242.5,75 242.5, 67.5 242.5, 60 31.3+14.1%
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